The synergistic antimicrobial activities of blended essential oil preparations composed of eucalyptus, rosemary, patchouli, pine and cajuput oils were evaluated against various pathogenic microorganisms. They exhibited antimicrobial activity in the agar disc diffusion assay against the Gram-positive bacteria, Staphylococcus aureus and S. epidermidis, the Gram-negative bacteria, Escherichia coli and Pseudomonas aeruginosa, and the yeast, Candida albicans. The minimum inhibitory concentration (MIC) of these preparations was evaluated by the broth microdilution method. We found that the best synergistic antibacterial preparation (the sum of fractional inhibitory concentrations, fic< 1) was eucalyptus, rosemary, and mineral oils (volume ratio 4:4:2) without patchouli, pine or cajuput oils added, while most preparations showed an antagonistic anticandidal effect (fic> 1). The blended essential oil preparations were characterized for their components by GC/MS, and contained 1,8-cineole as a major component. However, the preparation containing the highest amount of 1,8-cineole did not exhibit the best synergistic effect, which was shown by the preparation comprising the highest amount of α-pinene. Hence, we concluded that the differential antibacterial effect of either blended oil preparations or single/pure essential oils was influenced by the amount of α-pinene and the number of active components in either the blended preparations or single/pure essential oils.
With the increasing level of antimicrobial resistance being observed, new potential antimicrobial agents are needed [1] , and essential oils are being investigated. However, much more study of the biological activities of single and blended essential oils is required, which led us to explore the synergistic effects of blended essential oils. We have reported the synergistic antimicrobial effects of blended essential oil preparations [2] . As part of our continuing study, we hypothesized that blended essential oil preparations comprised of various essential oils (eucalyptus, rosemary, patchouli, pine, and cajuput) , in different ratios, should provide synergistic effects on antimicrobial activity. Each of them displayed antimicrobial activity [3] . Hence we focused on exploring the antimicrobial activity of essential oil preparations blended from these mentioned essential oils.
Two blended essential oil preparations were prepared in a volume ratio. Preparation 1 was composed of eucalyptus, rosemary, patchouli, and pine oils (2:6:1:1), and preparation 2 of eucalyptus, rosemary, patchouli, and cajuput oils (2:6:1:1). Both preparations were evaluated for their antimicrobial activities against various pathogenic microorganisms by the agar disc diffusion method. Both preparations exhibited antimicrobial activities against all the tested pathogens, as shown in Table 1 .
Both preparations were further evaluated for their MICs against all pathogens, as shown in Table 2 . It was obvious that all of the preparations exhibited stronger anti-yeast than antibacterial activities and preparation 2 showed stronger anti-yeast activity than preparation 1, but they possessed weaker anti-yeast activities than the pure/single oils of eucalyptus and rosemary. Interestingly, preparation 1 revealed antibacterial activity against Gram negative bacteria that was stronger than that of preparation 2 and the pure/single oils by reducing the amount being used of each essential oil in the preparation. However, both of them expressed variable antibacterial activities against Gram positive bacteria, which showed stronger antibacterial activities against S. aureus than that of the pure/single oils, but exhibited similar antibacterial activities against S. epidermidis as that of the pure/single oils, except patchouli and cajuput oils. In addition, the fic values [2, 4] of the blended oil preparations were calculated as shown in Table 3 . The fic revealed that preparation 1 expressed a synergistic antibacterial effect (fic< 1) against all tested bacteria, while preparation 2 exhibited variable effects against the microbes. In contrast, preparation 2 displayed synergistic (fic< 1) antimicrobial effects against S. aureus, S. epidermidis, and E. coli, while showing an antagonistic effect (fic> 1) against P. aeruginosa.
Both preparations possessed antagonistic anti-yeast effects against C. albicans (fic> 1). Furthermore, our experiments showed that the Gram-negative bacteria, E. coli and P. aeruginosa, were susceptible to these essential oils. Moreover, many researchers have reported that Gram-positive bacteria are more susceptible to essential oils than Gram-negative bacteria [5] . According to these findings, we were interested in the antimicrobial activity of the blended oil preparations, especially against the Gram-negative bacteria, E. coli and P. aeruginosa, which cause severe foodborne diseases[6a] and severe nosocomial multi-drug resistant bacterial infection, respectively [6b]. Thus, to find the best composition of the oils from preparation 1, we blended three more preparations: eucalyptus: rosemary: mineral oils in the volume ratios of 2:6:2 (preparation 3), 4:4:2 (preparation 4), and 6:2:2 (preparation 5), respectively. These preparations were evaluated for their antimicrobial activities against all the pathogens mentioned in Table 2 . Preparation 4, which contained the higher amount of eucalyptus oil, exhibited stronger antibacterial activity against P. aeruginosa than preparation 3, which contained the lower amount of eucalyptus oil. In contrast, preparation 5, which contained the highest amount of eucalyptus oil, did not possess the best antibacterial activity against P. aeruginosa and the best synergistic effect, as shown in Table 3 . However, preparations 4 and 5 showed similar MICs against P. aeruginosa to that of preparation 1, while preparation 3 showed greater MIC value than that of preparation 1 against this pathogenic bacterium. In addition, the blended essential oil preparations containing eucalyptus and rosemary oils, i.e. preparations 1, 3, 4, and 5 displayed synergistic antibacterial effects against P. aeruginosa compared with that of single/pure essential oils. Hence, it can be concluded that the antibacterial activity against P. aeruginosa depended on the amount of eucalyptus oil presented in the preparation. Results interpreted as synergy (fic< 1), addition (fic = 1), or antagonism (fic> 1).
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Furthermore, preparations 3-5 exhibited better antibacterial activities against E. coli than preparations 1 and 2, respectively, as shown in Tables 2 and 3, while the differences in volume ratios of eucalyptus and rosemary oils of preparations 3-5 did not affect the antimicrobial activity against E. coli. They showed similar fic values (fic = 0.2) among three of them. When we focused on the antimicrobial effects against S. epidermidis, the results showed that all of the preparations (preparations 1-5) possessed the same MIC value, as shown in Table 2 , but the fic values (Table 3) revealed that preparations 3-5 expressed the same fic value of 0.8 and they showed better synergistic antibacterial effects against S. epidermidis than those of preparations 1 and 2. Interestingly, the best preparation for synergistic antibacterial activity against S. aureus was preparation 4, which was composed of eucalyptus, rosemary, and mineral oils in the volume ratio of 4:4:2. The anticandidal activities of preparations 3-5 were better than those of preparations 2 and 1. However all the preparations possessed an antagonistic anti-yeast effect against C. albicans, except preparation 5, which showed an additional anti-yeast effect. Therefore, we suggest that the best synergistic antibacterial blend of essential oils among these preparations is preparation 4, which was composed of eucalyptus and rosemary oils in equal amounts, without patchouli, pine or cajuput oils added. Our experiment also showed that the best synergistic antibacterial activity against P. aeruginosa (fic 0.6) was preparation 1, composed of eucalyptus, rosemary, patchouli, and pine oils (2:6:1:1); this is suggested for use as an antibacterial agent against P. aeruginosa. The blended essential oils of eucalyptus, rosemary, patchouli, pine, and cajuput are not suitable for use as an anti-yeast agent due their antagonistic effects.
The chemical composition of the single/pure essential oils and blended preparations was determined by gas chromatography/ mass spectrometry (GC/MS), as shown in Table 4 . 1, .3%), camphor (4.0-16.1%), and α-pinene (5.1-14.7%) were the major components found in all the blended preparations showing antimicrobial activity [5d, 7a] , which was consistent with our result that 1,8-cineole and α-pinene were the antimicrobial active components. In our experiment, 1,8-cineole and α-pinene showed anticandidal effects. The results also showed that 1,8-cineole and α-pinene at 300 µL/mL and 200 µL/mL concentrations, respectively, reduced the growth of all tested pathogenic bacteria more than the control. The major component observed in the single/pure essential oils of eucalyptus oil, rosemary oil, and cajuput oil was 1,8-cineole (23.2-83.3%). Eucalyptus oil also contained α-pinene (6.8%), limonene (4.6%), o-cymene (3.8%), βpinene (1.1%), and myrcene (0.4%). Rosemary oil also contained α-pinene (19.2%), camphor (19.2%), camphene (13.2%), β-pinene (6.8%), borneol (2.2%), o-cymene (4.1%), and limonene (3.5%). Other ingredients of cajuput oil were α-terpineol (10.1%), limonene (5.5%), α-pinene (1.7%), linalool (1.6%), -pinene (1.1%), and ocymene (1.0%). Pine oil also contained α-pinene (17.2%), terpinolene (15.1%), α-terpinene (14.0%), α-terpineol (11.0%), limonene (8.8%), 1,8-cineole (7.8%), camphene (4.1%), o-cymene (3.2%), and -terpineol (3.0%), whereas the major components of patchouli oil were patchouli alcohol (31.6%), α-bulnesene (20.8%), α-guaiene (15.0%), seychellene (8.4%), α-patchoulene (6.4%), βpatchoulene (4.9%), and -patchoulene (4.1%), with 1,8-cineole being observed as a minor component (0.1%).
Since the unexpected components, 2-methoxy-1,7,7-trimethylbicyclo[2.2.1]heptane and bicyclo[3.2.2]non-6-en-3-one presented in the formulation containing mineral oil, we believed that they were the components of mineral oil. Moreover, we also believed that α-fenchyl-methylether, bornyl chloride, cis-p-mentha-2,8-dien-1-ol, and myrtanol were the chemical adducts and the rearrangement derivatives of some monoterpenes such as borneol and α-terpineol in the presence of mineral oil.
Analyzing the GC/MS data, it is obvious that all the blended oil preparations showed an increase in the active components. Of preparations 3-5, 5 contained the largest amount of 1,8-cineole, which possibly relates to the fact that the higher antibacterial activity exhibited links to the amount of 1,8-cineole in the preparation. However, preparation 5 did not exhibit the best synergistic antibacterial effect although it contained the largest amount of 1,8-cineole. The best synergistic antibacterial effect belonged to preparation 4, which contained the highest amount of αpinene, which is consistent with the report by Derwich et al.[7b] . From these findings, it is interesting to note that the differential antibacterial effect against the tested pathogens of blended oil preparations or single/pure essential oils may be influenced by the amount of α-pinene and the number of active components in the blended preparations or single/pure essential oils.
According to our experiments on blended essential oils, we suggest that the blended essential oils are more beneficial than the single/pure essential oil when used as an antibacterial agent.
The blended oils of eucalyptus and rosemary, in equal amounts, possessed synergistic antimicrobial effects against Gram positive and Gram negative bacteria, and could be used as a broad-spectrum antibacterial agent in various pharmaceutical products. In addition, Synergistic antimicrobial activities of blended essential oil preparations Natural Product Communications Vol. 11 (2) 2016 269 
*KI = Kovats gas chromatographic retention indices of the peaks on the HP-5MS column; trace = less than 0.05%Area. the blended essential oil preparation containing eucalyptus, rosemary, patchouli, and pine oils in the volume ratio of 2:6:1:1 was suitable for use as an antibacterial component against P. aeruginosa in various pharmaceutical products for the treatment of nosocomial infections.
In a different way, these blended essential oil preparations were not suitable for being used as an anticandidal agent due to them showing an antagonistic effect.
Experimental
Essential oils: Eucalyptus, rosemary, patchouli, pine, and cajuput oils were purchased from Thai-China Flavours and Fragrances Industry Co., Ltd, Thailand.
Preparation 1 was composed of eucalyptus: rosemary: patchouli: pine oils (2:6:1:1, v/v); preparation 2, of eucalyptus: rosemary: patchouli: cajuput oils (2:6:1:1, v/v); preparation 3, of eucalyptus: rosemary: mineral oils (2:6:2, v/v); preparation 4, of eucalyptus: rosemary: mineral oils (4:4:2, v/v); and preparation 5 of eucalyptus: rosemary: mineral oils (6:2:2, v/v).
Microorganisms:
The bacterial strains used were the Gram-positive bacteria, Staphylococcus aureus ATCC6538 and S. epidermidis isolated strain, the Gram-negative bacteria Escherichia coli ATCC25922 and Pseudomonas aeruginosa ATCC9027, and the yeast, Candida albicans ATCC10231. All bacteria were cultured in 270 Natural Product Communications Vol. 11 (2) 2016 Tadtong et al.
Tryptic soy broth at 37C for 24 h prior to use, while C. albicans was cultured in Sabouraud's dextrose broth at 37C for 24 h prior to use. All of the microorganisms were obtained from Thailand National Institute of Health.
Agar disc diffusion method: The antimicrobial assay was performed by the agar disc diffusion method as described by Tadtong et al. [8a] .
Broth microdilution method:
The minimum inhibitory concentration (MIC) values were determined by the broth microdilution method as described by Tadtong et al. [8b] .
Calculation of the fic: The sum of fractional inhibitory concentrations was the ratio of the concentrations of each antimicrobial agent to their own MIC in which there was no interaction amongst them as calculated from the following equation [2, 4] :
Where MIC A , MIC B , MIC C , and MIC D were the MIC of the antimicrobial agents A, B, C, and D, respectively; a, b, c, and d were the concentrations of the antimicrobial agents presented in a mixture of A, B, C, and D. Results were interpreted as synergy (fic< 1), addition (fic = 1), or antagonism (fic> 1).
GC/MS analyses:
Chemical analysis of single/pure essential oils and blended preparations was achieved by gas chromatography/mass spectrometry. GC/MS was carried out on a Trace GC Ultra/DSQ Quadrupole spectrometer/Finnigan gas chromatograph fitted with a fused-silica BPX5 capillary column (30 m, 0.25 mm, 0.25 µm film thickness). The carrier gas was helium at 1.0 mL/min. Injector temperature was 180C. A split ratio of 1:100 was used. Transfer line temperature was 240C. Column temperature was 60C for 1 min, then programmed from 60 -240C at 3C/min. The MS were obtained using an ionization energy of 70 eV and ion source temperature of 200C. The individual components were identified: (a) by comparing the Kovats gas chromatographic retention indices of the peaks on the HP-5MS column with the Adam EO Mass Spectra library; (b) by comparison of their MS with those stored in the MS database (NISTO5 library) and with those reported in the literature [9] .
